Objective: To establish the presence of air contamination with Acinetobacter baumannii in the trauma ICU. Design: Point prevalence microbiological surveillances. Settings: A 1,500-bed public teaching hospital in the Miami metro area. Patients: Trauma ICU patients. Measurements: Pulsed field electrophoresis was performed on environmental and clinical isolates to determine the association of any isolates from the air with clinical isolates. ; p < 0.0001). However, we were not able to find differences in air contamination based on the presence of A. baumannii in respiratory secretions versus absence (p = 1.0). Air and clinical isolates were found to be clonally related.
T he air has been postulated as a potential route of transmission of bacterial organisms within the hospital setting. This is especially the case for methicillin-resistant Staphylococcus aureus (MRSA), which has been found to disseminate through the aerial route across inpatients (1) . Similarly, a few reports published within the past couple of decades have shown the presence of Acinetobacter baumannii in the air of units housing A. baumannii-positive patients (2) (3) (4) (5) (6) (7) (8) . Nevertheless, most of these reports have not assessed the molecular epidemiology between environmental and clinical isolates.
At Jackson Memorial Hospital, we have had patient-topatient transmission of carbapenem-resistant A. baumannii for over a decade, especially within the trauma-burn ICU (TICU). Consequently, we have performed several investigations and interventions in order to halt the horizontal transmission of A. baumannii in our institution. This report constitutes part of our larger epidemiological investigation.
Our aims were to establish the presence of air contamination with A. baumannii in the TICU and determine the clonality of both air and clinical isolates. Additionally, we looked into the presence of A. baumannii in the ventilation system of the unit.
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Dr. Doi has received grant support from Merck and has consulted for Pfizer. The remaining authors have disclosed that they do not have any potential conflicts of interest. (Fig. 1) . The ventilation system of the unit (both intake and exhaust ducts) is independent from any other hospital ward (Supplemental Fig. 1 , Supplemental Digital Content 1, http://links.lww.com/CCM/A642); according to the hospital's Engineering Department, the TICU is set to have six air exchanges per hour. lww.com/CCM/A643). Upon collection, the solid agar-even though markedly dried-was thoroughly swabbed (regardless of presence or absence of growth) using premoistened sterile cotton swabs. These swabs were streaked into blood and MacConkey agar plates (BBL). After overnight incubation at 37°C, plates were observed for growth, and colonies were selected and isolated to purity based on morphology and color. Final identification and susceptibilities were performed using Vitek II (BioMérieux, Hazelwood, MO).
Microbiological Surveillances
Ventilator ducts were cultured using two different techniques. On March 6, the inner walls of the intake ducts and ventilation grills were swabbed using a premoistened sterile cotton swab. These swabs were inoculated into 5 mL of tryptic soy broth and incubated overnight at 37°C. If turbidity was detected after 24 hours, an aliquot was streaked onto blood and MacConkey agar plates and worked up as previously described. On April 5, open blood agar plates were placed on top of the grills of intake ducts and removed after 24 hours (Supplemental Fig. 3 , Supplemental Digital Content 3, http:// links.lww.com/CCM/A644). The plates were handled identically to the air sample plates. The isolates identified as carbapenem-resistant A. baumannii throughout this project were subjected to molecular typing along with three clinical carbapenem-resistant A. baumannii isolates from patients present in the unit during the same period.
Molecular Typing
All available A. baumannii air isolates were subjected to pulsed field gel electrophoresis (PFGE) using ApaI restriction enzyme as previously described (9) . Similarity of the banding patterns was determined by the unweighted pair group method with arithmetic mean with tolerance of 1.5% using the Bionumerics software (Applied Maths, Austin, TX). The three clinical isolates recovered from the hospital's microbiology laboratory were also typed using multilocus sequence typing (MLST) according to the protocol of Bartual et al (10) . The presence of the genes for the three major acquired OXA-carbapenemases (OXA-23, -40, and -58 groups) was determined by polymerase chain reaction (PCR) using isolates known to possess the three genes as positive controls (9, 11) .
Statistics
Results of the air cultures were compared with the presence or absence of a patient with carriage of A. baumannii in the bed underneath. Similar analyses were performed with the presence of A. baumannii in the respiratory tract. Chi-square statistics were used for comparison of proportions between the groups using SAS computing package. We used Fisher exact tests when any of the cells had an expected value of less than 5. 
RESULTS
A total of 53 patient areas had their air sampled, out of which 12 (22.6%) were positive for carbapenem-resistant A. baumannii (Fig. 2) . From these 12 positive air cultures, 11 (91.6%) corresponded to beds occupied by positive patients. The remaining positive air culture belonged to an empty bed that was previously occupied by a positive patient (patient was transferred out of the bed 2 days prior to obtaining the air samples); however, the two neighboring patients present on the day of air sampling were positive for carbapenem-resistant A. baumannii. Out of the 46 occupied beds that underwent air cultures, 21 (45.6%) had positive patients. From these 21 air samples belonging to positive patients, 11 (52.4%) had positive air cultures for A. baumannii. Among the remaining 25 occupied beds belonging to negative patients, none of the corresponding air cultures grew A. baumannii. The difference between the two groups based on A. baumannii status of the occupant was statistically significant (χ 2 = 17.2; p ≤ 0.0001). Among the 21 positive patients, 14 (67%) had positive respiratory cultures and 7 (33%) had other bodily sources positive for A. baumannii. The percentage of air contamination with A. baumannii in these two groups was 50 (7 of 14) and 57 (4 of 7), respectively (p = 1.0). Seven air cultures belonging to empty bed zones were obtained, with one (14.3%) of these samples positive for A. baumannii.
Twelve intake air ducts were swabbed and one grew carbapenem-resistant A. baumannii; this duct belonged to an unoccupied four-bed pod. The last day an A. baumannii-positive patient was present in the bed underneath was 15 days prior to the duct sampling. Sixteen intake air ducts were cultured using open plates (two of them immediately on top of positive patients); none of these air duct samples grew A. baumannii.
The PFGE result for a total of 12 isolates (nine air isolates and three clinical isolates associated with positive air samples) is shown in Figure 3 . The isolates shared an identical restriction pattern, with the exception of one clinical isolate (isolate no. 11 in Fig. 3 ) which appeared to have four to six band differences with the rest, which is still considered possibly related (12). This particular isolate was identified as having sequence type (ST) 208, which belongs to clonal complex (CC) 92. CC92, corresponding to CC2 in the alternative MLST protocol by Diancourt et al (13), and is currently the global epidemic clonal lineage, and ST208 has been identified from hospitals across the United States (9) . The other two clinical isolates showed novel STs, both of which were single-locus variants of ST92, thus also belonging to CC92. Based on the highly similar banding patterns observed among these clinical isolates and the air isolates on PFGE, which is a more discriminatory typing method than MLST, this entire cluster of isolates likely belonged to CC92. Therefore, all three clinical isolates belonged to CC92 (ST208 [allelic profile: 1-3-3-2-2-97-3], ST417 [1-17-3-2-2-110-3], and ST418 [1-17-3-2-2-102-3]). All isolates, except the one clinical isolate whose banding pattern differed from others (isolate no. 11), were positive for the OXA-40-group carbapenemase gene. Isolate number 11 was positive for OXA-58-group carbapenemase gene based on PCR and sequencing. None of the isolates were positive for OXA-23-group carbapenemase.
DISCUSSION
Out of 53 patient areas cultured, we were able to identify carbapenem-resistant A. baumannii in approximately 23% of their corresponding air samples. Furthermore, only one of the 28 intake air ducts was found positive for A. baumannii. All the isolates recovered from the air were carbapenem-resistant and identical to two of the three clinical isolates obtained from patients present in the TICU during the project. We also determined that patients colonized or infected with A. baumannii had higher likelihood to have positive air samples compared with A. baumannii-negative patients. However, only three of the 21 clinical A. baumannii isolates were recovered from the clinical microbiology laboratory for this study, so we cannot be fully certain that all the remaining clinical specimens matched their corresponding air isolates.
Ours is the first systematic surveillance that was able to find such a high proportion of A. baumannii isolates in the air identical to the ones present in clinical cultures. Nevertheless, during the past couple of decades, a handful of studies have reported air cultures performed as part of outbreak investigations related to Acinetobacter species (3). In 1987, Allen and Green (7) reported positive Acinetobacter air samples surrounding three patients colonized with Acinetobacter anitratus; however, PFGEs were not performed, so it is uncertain if the environmental and clinical isolates were related. A second report of an endemic Acinetobacter calcoaceticus serovar anitratus was published in 1987 (2) . The authors found the endemic strain in the air of the ICU, but it is unclear where the plates were placed in relation to the patients and how many plates were used. In 1989, Crombach et al (6) found Acinetobacter in 12 (11.5%) of 104 air samples belonging to Acinetobacterpositive patient areas and in one (4.3%) out of 23 samples of Acinetobacter-negative patients. Nevertheless, the PFGE profile of the air samples failed to match the profile of the clinical isolates (6) . Another couple of studies have reported multiple strains of Acinetobacter concomitantly present in the air of wards (4, 5) . In a study done in Taiwan during an A. baumannii outbreak in a surgical ICU, the air of three patient rooms was positive for Acinetobacter isolates with identical PFGE profile as the ones present in clinical strains (5) .
Settled plates were used during our study in order to determine the presence of air contamination. This technique was used by many of the papers previously described (2, 5, 8, 14, 15) . However, settled plates do not allow us to quantify the bacterial load and are subjected to potential contamination from sources other than the air (e.g., inadvertent contact by healthcare providers). During this project, all plates were found dry after being left uncovered for 24 hours in the TICU, which made us unable to quantify the number of colonies. To the contrary, microbiological air samplers (4, 6, 8) allow for better quantification of the results.
Other limitations of our study include the lack of analysis of other potential confounders on the presence of A. baumannii in the air, such as mechanical ventilation, number of neighboring patients positive for A. baumannii, number of days in the same bed number, degree of bacterial load in the patient, and colonization versus infection. Other studies have looked at the making of patients' beds as a cause of aerosolization of MRSA isolates (16) . Additionally, during the first round of air cultures performed on March 1, the air conditioning unit temporarily broke down, which caused an increase in humidity and room temperatures in the unit. Furthermore, fans were brought into the TICU most likely causing aerosolization of organisms. Nevertheless, the subsequent cultures were still positive for A. baumannii, although in lower proportion.
Even after finding such a high proportion of air samples positive for A. baumannii, the role that air plays in the transmission of this organism is unclear. Is its presence in the air a consequence of having positive A. baumannii patients in the unit or does air contamination play a role in the horizontal transmission to other patients? Or is there a combination of the latter two factors? What role does contamination of horizontal surfaces with A. baumannii play on the degree of air contamination or vice versa? Other questions that should be answered in the future include the role of the layout of a unit (open vs individual rooms), crowding, humidity, and influence of the ventilation system on the aerosolization of A. baumannii. How long do new cases with A. baumannii contaminate the air and is this contamination a function of the bodily source colonized (especially respiratory secretions)? Additionally, could a higher number of air exchanges in a unit decrease horizontal transmission of A. baumannii? We currently do not know the answers to these questions but certainly hope this study will motivate investigators in the field to search for these answers in the near future, especially determining the clinical implications of having A. baumannii in the air.
